312 Sir IsAAc Newton’s BooxIL 


would be fo turned, that the point A fhall move toward B, 
and the point C toward-D ; but if it were in any other part 
_of the circle, either between H and C, or between J and A, 
the line AC would be turned the contrary way. Hence 
it follows" thetas’ this folid ring turns round’ the center 
of the earth, the parts of this ring between A and H, and 
between C and I, are fo influenced by the fun, that they 
will endeavour, fo to change the fituation of the line AC 
as to caufe the point A to move toward B, and the point 
C to move toward D; but all the parts of the ring between 
H and C, and between I and A, will have the oppofite 
tendency, and difpofe the line AC to move the contrary 
way. And fince thefe laft named parts are larger’ unan 
the other, they will prevail over the other, fo that by the 
action of the fun upon this ring, the line AC will be fo 
turned, that A fhall continually be more and more moving 
toward D, and C toward B. Thus no fooner fhall the 
fun in its vifible motion have departed from A, but the mo- 
tion of the line AC fhall haften its meeting with C, and 
from thence the motion of this line fhall again haften the 
fun’s fecond conjunétion with A; for as this line fo turns, 
that A is continually moving toward D, fo the fun’s vifble 
motion is the fame way as from S toward T. 


49. THE moon will have on this ring the like effect as 
the fun, and operate on it more ftrongly, in the fame pro- 
portion as its force on the fea exceeded that of the fun on the 
fame. But the effect of the action of both luminaries will 
be greatly diminifhed by reafon of this ring’s being connect- 

ed 
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ed | the reft of the earth; for by this means the fun and 

have not only this ring to move, but likewife the 
whole globe of the earth, upon whofe fpherical part they have 
no immediate influence. Befide the effect is alfo rendred 
lefs, by reafon that the prominent part of the earth is not 
colleéted all under the equator, but Spreads gradually from 
thence toward both poles. Upon the whole, though the 
fun alone carries the nodes of the moon through an intire 
revolution in about 19 years, the united force of both lu- 
minaries on the prominent parts of the earth will hardly 
carry round the equinox in a lefs fpace of time than 216000 
years. 


go. To this motion of the equinox we muft add ano- 
ther confequtence of this action of the fun and moon up- 
on the elevated parts of the earth, that this annular part of the 
carth about the equator, and confequently the earth’s axis, 
will twice a year and twice a month change its inclination 
to the plane of the earth’s motion, and be again reftored, 
juft as the inclination of the moon’s orbit by the adion of 
the fun is annually twice diminifhed, and as often recovers its 
original magnitude. But this change is very infenfible. 


yi. I fhall now finifh the prefent ¢hapter with our great 
author's inquiry into the figure of the fecondary planets, par- 
ticularly of our moon, upon the figure of which its fluid 
parts will have an influence. ‘The moon turns always the 
fame fide towards the earth, and confequently revolves 
but once round its axis in the fpace of an entire month; 
S f for 
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for a fpeGtator placed without the circle, in which the Yaoon 
moves, would in that time obferve all the parts of the noon 
fucceffively to pafs once before his view and no more, that 
is, that the whole globe of the moon has turned once round. 
Now the great flownefs of this motion will render the cen- 
trifugal force of the parts of the waters very weak, fo that 
the figure of the moon cannot, as in the earth, be much af 
fected by this revolution upon its axis: but the figure of thofe 
waters are made different from {fpherical by another caufe, 
viz. the action of the earth upon them; by which they will 
be reduced to an oblong oval form, whofe axis prolonged 
would pafs through the earth; for the fame reafon, as we 
have above obferved, that the waters of the earth would 
take the like figure, if they had moved fo flowly, as to keep 
pace with the-moon... And the folid part. of the moon muft 
correfpond with this figure of the fluid part: but this ele- 
vation. of the parts of the moon is nothing near-{o great as 

euberar ceof the earth at the equator, for it will noz 


exceed. 93 englifh feet. 


$2. Tus waters ‘of the moon. will have no tide, except 
what will .arife from the motion of the. ‘moon round the 
earth. For. the. acawerfion noon about her axis is e- 
quable, whereby the inequality. oe ‘motion round the 
earth difcovers to us at fome times {mall parts of the moon’s 
furface towards the eaft or weft, which at other times lie 
hid; and as the axis, whereon the moon turns, is oblique to. 
her motion round the earth, fometimes {mall parts of. her: 
‘furface 
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furfack toward the north, and fometimes the like toward 
the fouth are vifible, which at other times are out of fight. 
Thefe appearances make what is called the libration of the 
moon, difgovered by Hevetius. But now as the axis of 
the oval figure of the waters will be pointed towards the 
garth, there muft arife from hence fome' fluctuation in them ; 
and befide, by the change of the moon’s diftance from the 
earth, they will not always have the very fame height. 


2, 
‘ 
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CHoap [| 


Concerning the caufe of COLOURS inhe- 
rent in the LIGHT. 


F TER this view which has been taken 
}, of SirIsaac NewrTon’s mathema- 
|| tical principles of philofophy, and the 
‘ufe he has made of them, in explain- 
ing the fyftem of the world, &c. the 
courfe of my. defign direéts us to turn 
our eyes to that other philofophical 
earn his sce of Optics, in which we fhall find our great, 
author’s inimitable genius difcovering it felf no lefs, than in 

: the 
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the #ynmer; nay perhaps even more, fince this work gives 
as many inflances of his fingular force of : ‘ecafoninig, and 
of his unbounded invention, though unaflifted -in great: 
meafyre by thofe rules and general precepts, which facili- 
tate the irfvention of mathicmatical theorems. Nor yet is 
this work inferior to the other in ufefulnef§; for as that 
Ras made known to us one great principle in nature, by 
which the celeftial motions are continued, and by which 
the frame of each globe is preferved; fo does this point out 
to us another principle no lefs univerfal, upon which det 
pends all thofe operations in the fmaller parts of matter, 
for whofe fake the greater frame of the univerfe is erected ; 
“ali thofe immenfe globes, with which the whole heavens are 
filled, being without doubt only defign’d as fo many con- 
venient apartments for carrying on the more noble opcra- 
tions of nature in vegetation and animal life. Which fin- 
gle confideration gives abundant proof of the excellency of 
our author's choice, in applying himfelf carefully to ex- 
amine the action between light and bodies, fo neceffary 
in all the varieties of thefe productions, that none of them 
can be fuccefsfully promoted without the concurrence of 
heat in a greater or lefs degree. 





2. ’T rs true, our author has not made fo full a difcovery 
of the principle, by which this mutual a@ion. between light 
and bodies is caufed ; as he has in relation to the power, by 
which the pfanets are kept in their courfes: yet he has led 
us to the very entrance upon it, and pointed out the path 


fo plainly which muft be followed to reach it; that one may 
a be 
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be bold to‘ fay, whenever mankind fhall be bleffed with this 
improvement of their knowledge, it will be derived fo di- 
rectly from; the principles laid down by our author in this 
book, that the greateft fhare of the praife due to the dif- 
covery will belong to him. 


3. In {peaking of the progrefs our author has made; 
I fhall diftin@ly purfue three things, the two firft relating 
to the colours of natural bodies: for in the firft head fhall 
be fhewn, how thofe colours are derived from the proper- 
ties of the light itfelf; and in the fecond upon what 
properties of the bodies they depend: but the third head 
of my difcourfe fhall treat of the a@ion of bodies upon” 
light in refradting, reflecting, and inflecing it. 


4. Tne firft of thefe, which fhall be the bufinefs of 
the prefent chapter, is contained in this one propofition: that 
the fun’s dire light is not uniform in refpe& of colour, not 
being difpofed in every part of it to excite the idea of white- 
nefs, which the whole raifes; but on the contrary is a com- 
pofition of different kinds of rays, one fort of which if a- 
lone would give the fenfe of red, another of orange, a 
third of yellow, a fourth of green, a fifth of light blue, 
a fixth of indigo, and a feventh of a violet purple ; — that 
all thefe rays together by the mixture of their fenfations 
imprefs upon the organ of fight the fenfe of whitenefs, 
though each ray always imprints there its own colour; and. 
all the difference between the colours of bodies when view- 
ed in open day light arifes from this, that coloured bodies 

do 
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do ngt reflect all the forts of rays falling upon them in e- 
qual plenty, but fome forts much more copioufly than o- 
thers; the body appearing of that colour, of which the 
light coming from it is moft compofed. . 


gy. Tar the light of the fun is compounded, as has been 
hid, is proved by refracting it with a prifm. By a prifm I here 
mean a glafs or other body of a triangular form, fuch as is re- 
prefented in fig. 121. But before we proceed to the illuftration 
of the propofition we have juft now laid down, it will be ne- 
ceflary to {pend a few words in explaining what is meant by 

the refraction of light ; as the defign of our prefent labour is 
to give fome notion of the fubje@, we are engaged in, to 
fuch as are not verfed in the mathematics. 


6. Ir is well known, that when a ray of light paffing: 
through the air falls obliquely upon the furface of any tranf 
parent body, fuppofe water or glafs, and entersit, the ray 
will not pafs on in that body in. the fame line it defcribed 
through the air, but be turned off from the furface, fo 
as to be lefs inclined toit after paffing it, than before. Let 
ABCD (in fig. 122.) reprefent a portion.of water, or glafs,. 
AB the furface of it, upon which the ray of light EF falls 
obliquely ; this ray fhall not go.right on in the courfe de- 
lineated by the line FG, but be turned off from the fur- 
face AB into the line FH, lefs inclined to the furface AB. 
than the line EF is, in which the ray. is incident upon that. 
furface. 


- 4. ON. 


320 Sir IsAAc NewtTon’s BooxIil, 

7..On the other hand, when the light pafles out! of a~ 
ny fuch body into the air, it is inflected the contrary way, 
being after its emergence rendred more oblique to the fur- 
face it pafles through, than before. Thus the ray FH, when 
it goes out of the furface CD, will be turned up towards 
that furface, going ‘out into the air in the line HI. 


8. Tus turning of the light out of its way, as it paffes 
from one tranfparent body into another is called its refraction. 
Both thefe cafes may be tried by an eafy experiment with 
a bafon and water. For -the farft cafe fet an empty bafon 
in the funfhine or near a candle, making a mark upon . 
the bottom at the extremity of the fhadow caft by the brim 
of the bafon, then by pouring water into the bafon you 
will obferve the fhadow to fhrink, and leave the bottom 
of the bafon enlightned toa good diftance from the mark. 
Let ABC (in fig. 123.) denote the empty bafon, EAD the 
light fhining over the brim of it, fo that all the part ABD 
be fhaded. Then a mark being made at D, if water be 
poured into the bafon (as in fig. 124.)to FG, you fhall ob- 
ferve the light, which before went on to D, now to come 
much fhort of the mark D, falling on the bottom in the 
point H, and leaving the mark D a good way within the 
enlightened part; which fhews that the ray EA, when it 
enters the water at I, goes no longer ftraight forwards, but 
is at that place incurvated, and made to go nearer the 
perpendicular. The other cafe may be tryed by putting 
any {mall body into an empty bafon, placed lower than your 
eye, and then receding from the bafon, till you can but juft 

| {ee 
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fee the body over the brim. After which, if the bafon be 
filled with water, you fhall prefently obferve the body to be 
vifible, though you go farther off from the bafon. Let 
ABC (in fig. 12.) denote the bafon as before, D the body 
in it, E the place of your eye, when the body is feen juft 
ver the edge A, while the bafon is entpty. IF it be then 
filled with water, you will obferve the body ftill to be vifible, 
though you take your eye farther off. Suppofe you {ee 
the body in this cafe juft over the brim A, when your eye 
is at F, it is plain that the rays of light, which come from 
the body to your eye have not come ftraight on, but are 
bent at A, being turned downwards, and more inclined to 
the furface of the water, between A and your cye at F, 
than they are between A and the body D. 


g. Turs we hope is fufficient to make all our readers 
apprehend, what the writers of optics mean, when they 
mention the refraction of the light, or fpeak of the rays of 
light being refracted. We fhall therefore now goon to prove 
the affertion advanced in the forementioned propofition, in 
relation to the different kinds of colours, that the direét light 
of the fun exhibits to our fenfe: which may be done in 
the following manner. 


10. Ir a room be darkened, and the fun permitted to 

_ fhine into it through a {mall hole in the window fhutter, and 
be made immediately to fall upon a glafs prifm, the beam of 
“Yight.thall in paffing through fuch a prifm be parted into rays, 
which exhibit all the forementioned colours. In this man- 
Tt ner 
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ner if AB (in fig. 126) reprefent the window fhutter; C the 
hole in it; DEF the prifm; ZY a beam of light coming 
from the fun, which paffes through the hole, and falls up- 
on the prifm at ¥, and if the prifm were removed would 
go on to X, but in entring the furface BF of the glafs it 
fhall be turned off, as has been explained, into the courfe Y W. 
falling upon the fecond furface of the prim’ DF in w, 
going out of which into the air it fhall be again farther in- 
fleted. Let the light now, after it has paffed the prifm, be 
received upon a fheet of paper held at a proper diftance, 
and it fhall paint upon the paper the picture, image, or fpect- 
rum LM of an oblong figure, whofe length fhall ae ex~ 
ceed its breadth; though the figure fhall not be oval, the 
ends L and M being femicircular and the fides ftraight. 
But now this figure will be variegated with colours in this 
manner. From the extremity M to fome length, fuppofe 
to the line. 70, it fhall be of anintenfe red; from xo to 
pq it fhall be an orange; from pq to rs it thall be yel- 
low; from thence to ¢ it fhall be green; from thence to 
sx blue; from thence to yz indigo; and from thence 
to the end violet. 


1x. Tus it appears that the fun’s white light by its pa 
fage through the prifm, is fo changed as now to be divi- 
ded into rays, which exhibit all thefe feveral colours. The 
queftion is, whether the rays while in the fun’s beam be- 
fore this refraction poffefied thefe properties diftin@ly ; {o- 
that fome part of that beam would without the reft have: 
given a red colour, and another part alone have given am 
orange;, 
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orange, &c. That this is poffible to be the cafe, appears from 
hence; that if a convex glafs be placed between the paper 
and the prifm, which may collec all the rays proceeding 
out of the prifm into its focus, as a burning glafs does the 
fun’s direét rays; and if that focus fall upon the paper, the 
{pot formed by fuch a glafs upon the paper fhall appear 
white, juft like the fun’s direct light. “ The reft remaining 
as before, let PQ (in fig. 127.) be the convex glafs, cau- 
fing the rays to meet upon the paper HGIK in the point 
N, I fay that point or rather {pot of light fhall appear white, 
without the leaft tin@ure of any colour. But it is evident 
that into this fpot are now gathered all thofe rays, which be- 
fore when feparate gave all thofe different colours; which 
fhews that whitenefs may be made by mixing thofe colours: 
efpecially if we confider, it can be proved that the glafs 
PQ does not alter the colour of the rays which pafs 
through it. Which is done thus: if the paper be made 
to approach the glafs PQ, the colours will manifeft them- 
{elves as far as the magnitude of the {pectrum, which the 
paper receives, will permit. Suppofc it in the fituation Agzk, 
and that it then receive the fpeétrum /m, this fpe@rum 
fhall be much fmaller, than if the glafs PQ were removed, 
and therefore the colours cannot be fo much feparated ; but 
yet the extremity 7 fhall manifeftly appear red, and 
the other extremity / fhall be blue; and thefe colours as 
well as the intermediate ones fhall difcover themfelves more _ 
perfectly, the farther the paper is removed from N, that 
is, the larger the {pectrum is: the fame thing happens, if 
the paper be removed farther off from PQ than N. Sup- 
Tt2 pole 
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pofe into the pofition §ynx, the fpeGrum aw’painted upon it 
fhall again difcover its colours, and that more diftinétly, the 
farther the paper is removed, but only in an inverted or- 
der: for as before, when the paper was nearer the con- 
vex glafs, than at N, the upper part of the image was 
blue, and the under red; now the upper part fhall be red, 
and the under blue; becaufe the rays crofs at N.. 


12. Nay farther that the whitenefs at the focus N, is made 
by the union of the colours may be proved without re- 
moving the paper out of the focus, by intercepting with 
any opake body part of the light near the glafs; for if the 
under part, that is the red, or more properly the red-making 
rays, as they are ftyled by our author, are intercepted, the 
{pot fhall take a bluifh hue; and if more of the inferior 
rays are cut off, fo that neither the red-making nor orange- 
making rays, and if you pleafe the yellow-making rays like- 
wife, fhall fall upon the fpot; then fhall the {pot incline more 
and more to the remaining colours. In like manner if you 
cut off the upper part of the rays, that is the violet coloured 
or indigo-making rays, the {pot fhall turn reddifh, and become. 


more fo, the more of thofe oppofite colours are intercepted 


13. TuisI think abundantly proves that whitenefs may. 
be produced by a mixture of all the colours of the {pec- 
trum. At leaft there is but one way of evading the pre- 
fent arguments, which is, by afferting that the rays of light 
after pafling the prifm have no different properties to ex- 
hibit this or the other colour, but are in that refpect per-~ 

fedtly 
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fe&tly homofenéal, fo that the rays which pafs to the un- 
der and red part of the image do not differ in any pro- 
perties whatever from thofe, which go to the upper and 
violet part of it; but that the colours of the {peétrum are 
produced only by fome new modifications of the rays, made 
at their incidence upon the paper by -the different termi- 
nations of > ‘light and fhadow: if indeed this affertion can 
be allowed any place, after what has been faid; for it feems 
to be fufficiently obviated by the latter part of the pre- 
ceding experiment, that by intercepting the inferior part 
of the light, which comes from the prifm, the white fpot 
fhall receive a bluith caft, and by ftopping the upper part the 
fpot fhall turn red, and in both cafes recover its colour, when 
the intercepted light is permitted to pafs again ; thought 
in all thefe trials there is the like termination of light and 
fhadow. However our author has contrived fome experi- 
ments exprefly to fhew the abfurdity of this fuppofition ; 
all which he has explained and enlarged upon in fo dif- 
tinct and expreflive a manner, that it would be wholly un- 
neceflary to repeat ‘them in this place’. I fhall only men- 
tion that of them, which may be tried in the experiment 
before us. If you draw upon the paper HGIK, and through 
the fpot N, the ftraight line wa’ parallel to the horizon, 
and then if the paper be much inclined into the fituation 
rsvt the line ww ftill remaining parallel to the horizon, 
the fpot N fhall lofe its whitenefs and receive a blue tin- 
ture ; but if it be inclined as much the contrary way, the 
fame fpot fhail exchange its white colour for a reddith dye. 
* Opt..B. I. part 2. prop..r. 


All 
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All which can never be accounted for by any difference in 
the termination of the ‘light and fhadow, which here is 
None at all ; but are eafily explained by fuppofing the upper 
part of the rays, whenever they enter the eye, difpofed 
to give the fenfation of the dark colours blue, indigo and 
violet; and that the under part is fitted to produce the 
bright colours yellow, orange and red : for when the paper 
is in the fituation rs7w#, it is plain that the upper part of 
the light falls more dire€tly upon it, than the under part, 
and therefore thofe rays will be moft plentifully reflected 
from it; and by their abounding in the reflected light will 
caufe it to incline to their colour. Juft {c when the paper 
is inclined the contrary way, it will receive the inferior rays 
moft direétly, and therefore ting the light it reflects with their 


colour. 


14. Ir is now to be proved that thefe difpofitions of the 
rays of light to produce fome one colour and fome another, 
which manifeft themfelves after their being refracted, are not 
wrought by any action of the prifm upon them, but are 
originally inherent in thofe rays; and that the prifm only 
affords each fpecies an occafion of fhewing its difting qua- 
lity by feparating them one from another, which before, 
while they were blended together in the dire& beam of the 
fun’s light, lay conceal’d. But that this is fo, will be pro- 
ved, if it can be fhewn that no prifm has any power upon 
the rays, which after their paflage through one prifm are 
rendered uncompounded and contain in them but one co- 
Jour, either to divide that colour into feveral, as the fun’s 


light 
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light is divided, or fo much as to change it intd any other 
colour. This will be proved by the following experiment’. 
The fame thing remaining, as in the firft experiment, let 
another prifm NO (in fig. 128.) be placed either immedi- 
ately, or at fome diftance after the firft, in a perpendicular: 
pofture, fo that it fhall refract the rays iffuing from the 
firft Yrdeways, Now if this prifm could divide the light 
falling upon it into coloured rays, as the firft has done, it 
would divide the fpectrum breadthwife into colours, as: 
before it was divided lengthwife; but no fuch thing is ob- 
ferved. If LM were the fpectrum, which the firft prifm: 
DEF would palnt upon the paper HGIK; PQ lying in 
‘an oblique poftur8 fhall be the fpe€trum projected by the 
fecond, and fhall be divided lengthwife into colours cor- 
acfpending to’ the colours of the fpecttrum LM, and occa- 
fioned like them by the refraction of the firft prifm, but 
its breadth fhall receive no fuch divifion; on the contrary 
each colour fhall be uniform from fide to fide, as much: 
as in the fperum LM, which proves the whole affertion.. 


ty. Tue fame is yet much farther confirmed by ano- 
ther experiment. Our author teaches that the colours of 
the {fpectrum LM in the firft experiment are yet compound- 
ed, though not fo much as in the fun’s direct light. He 
fhews therefore how, by placing the prifm at a diftance from. 
the hole, and by the ufe of a convex glafs, to feparate the: 
colours of the fpe@rum, and make them uncompounded. 
to. any degree of exadtnefs*. And he fhews whea this 


& Newt. Opt,.B. 1. part 1,-experim, 5, » Ibid prop, 4. ~ 
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is donc fufffciently, if you make a {mall hole in the paper 
whereon the fpectrum is received, through which any one fort 
of rays may pals, and then let that coloured ray fall fo upon a 
prifm, as to be refracted by it, it hall in no cafe whatever 
change its colour; but fhall always retain it pertectly as at 
firft, however it be-refracted * 


16. Nor yet will thefe colours after this fall feparation 
of them fuffer any change by reflection from bodies of dif- 
ferent colours; on the other hand they make all bodies pla- 
ced in thefe colours appear of the colour which falls upon 
them >: for minium in red light will appegr as in open day 
light ; but in yellow light will appear oe and which 
is more extraordinary, in green light will appear green, in blue, 
blue; and in the violet-purple coloured light will appear af..= 
purple colour; in like manner verdigreafe, or blue bife, will 
put on the appearance of that colour, in which it is placed ; 
fo that neither bife placed in the red light fhall be able to 
give that light the leaft blue tinéture, or any other diffe- 
rent from red; nor fhall minium in the indigo or violet 
light exhibit the leaft appearance of red, or any other co- 
lour diftina& from that it is placed in. The only difference 
is, that each of thefe bodies appears moft luminous and bright 
in the colour, which correfponds with that it exhibits in 
the day light, and dimmeft in thc colours moft remote from 
that ;. that is, though minium and bife placed in blue light 
thall both appear blue, yet the bife thall appear of a bright 
blue, and the minium of a dusky and obfcure blue: but 
* Newt. Opt. B. 1, part2. exper. . > Foidexper, 6, 
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if minium and: bife be compared together in red light, the 
minium fhall afford a brisk red,*the bife a duller colour, 
though of the fame {pecies. 


17. AnD this not only proves the immutability of all 
thefe fimple and uncompounded colours ; ; but likewife un- 
fgkds the whole myftery, wily bodies -appear in’ open day- 
light of fach different colours, it confifting in nothing more 
than this, that whereas the white light of the day is com- 
pofed of all forts of colours, fome bodies refleé& the rays 
of one fort inigreater abundance than the rays of any other *. 
Though it apears by the forecited experiment, that almoft 
all thefe bodied reflect fome portion of the rays of every 
colour, and give ‘the fenfe of particular colours only by the 

_predgminangy of fome forts of rays above the reft. And what 

has before been explained of compofing white by mingling 
all the colours of the fpeétrum together fhews clearly, that 
nothing more is required to make bodies look white, than 
a power to refledl indifferently rays of every colour. But 
this will more fully appear by the following method: if 
near the coloured fpectrum in our firft experiment a piece 
of white paper be fo held, as to be illuminated equally by 
all the parts of that fpectrum, it fhall appear white; where- 
as if it be held nearer to the red end of the image, than to the 
other, it fhall turn reddifh; if nearer the blue end, it thall 
feem bluith °. 


+ Newton Opt, B. 1. prop. 10. ©  * Ibid exp. 9. 
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18. Our indefatigable and circumfpect author farther 
examined his theory by mixing the powders which paint- 
ers ufe of feveral colours, in order if poffible to produce 
a white powder by fuch a compofition*, But in this he 
found fome difficultics for the following reafons. Each 
of thefe coloured powders reflects but part of the light, which 
is caft upon them; the red ®owders reflecting little grea, 
or blue, and the blue powders reflecting very, little red or 
yellow, nor the green powders reflecting near fo much of 
the red or indigo and purple, as of the other: colours: and 
befides, when any of thefe are examined in hotnogeneal light, 
as our author calls the colours of the prifmy’ when well fe- 
parated, though each appears more bright/and luminous in 
its own day-light colour, than in any other; yet white bo- 
dies, fuppofe white paper for inftance, in thofe very colons 
exceed thefe coloured bodies themfelves in brightncfs; fo 
that white bodies refle& not only more of the whole light 
than coloured bodies do in the day-light, but even more 
of that very colour which they refle& moft copioufly. All 
which confiderations make it manifeft that a mixture of thefe 
will not refle& {o great a quantity of light, as a white body of 
the fame fize; and therefore will compofe fuch a colour as 
would refult from a mixture of white and black, fuch as 
are all grey and dun colours, rather than a ftrong white, 
Now fuch a colour he compounded of certain ingredients, 
which he particularly fets down, in fo much that when the 
compofition was ftrongly illuminated by the fun’s direé 
beams, it would appear much whiter than even white pa- 

* Newt, Opt. B. I. part 1. exp. ry. 
per, 
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per, if confiderably fhaded. Nay he found by trials how 


to proportion the degree of illumination of the mixture 
and paper, fo that to a fpectator at a proper diftance it 
could not well be determined which was the more perfect 
colour; as he experienced not only by himfelf, but by the 
sae opinion of a friend, who ehanced to vifit him 
he was trying this experiment. I muft not here o- 
mit shee method of trying the whitenefs of fuch a mix- 
ture, propofe 1 in one of our author’s letters on this fub- 
ject *: which §s to enlighten the compofition by a beam of 
the fun let inth a darkened room, and then to receive the 
light refle@ed fhom it upon a piece of white paper, obfer- 
ving whether th&\ paper appears white by that reflection ; 
for if it does, it gives proof of the compofition’s being white ; 
“peeatffe wheh the paper receives the reflection from any 
coloured body, it looks of that colour. Agreeable to this 
is the trial he made upon water impregnated with foap, 
and agitated into a froth >: for when this froth after fome 
fhort time exhibited upon the little bubbles, which compo-- 
fed it, a great variety of colours, though thefe colours to a 
fpectator at a {mall diftance difcover'd themfelves diftindly ; 
yet when the eye was fo far removed, that cach little bub- 
ble could no longer be diftinguifhed, the whole froth by 
the mixture of all thefe colours appeared intenfly white. 






19. Our author having fully fatisfied himfelf by thefe 
and many other experiments, what the refult is of mixing 


4 Philof. Tran&&. N. 88, p. sogo. » Opt. B. I. par. 2. exp. 14. 
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together all che prifmatic colours; he proceeds in the next. 
place to examine, whether this appearance of whitenefs be. 
raifed by the rays of thefe different kinds acting fo, when 
they meet, upon one another, as to caufe each of them to 
imprefs the fenfe of whitenefs upon the optic nerve; or whe~ 
ther each ray does not make upon the organ of fight the 
fame impreffion, as when feparate and alone; fo thatthe. 
idea of whitenefs is not excited by the impreflion from any 
one part of the rays, but refults from the mixtute of all thofe 
different fenfations. And that the latter fe jtiment is the 
true one, he evinces by undeniable experimehts. 


20. In particular the foregoing Saat gi *, wherein 
the convex glafs was ufed, furnifhes proofs of this: in that 
when the paper is. brought into the fituation @,..  beygnd 
N the colours, that at N difappeared, begin to emers:c ay,uin ; 
which fhews that by mingling at N they did not lofe their 
colorific qualities, though for fome reafon they lay conceal-. 
ed. This farther appears by that part of the experiment,. 
when the paper, while in the focus, was directed to be en- 
elined different ways; for when the paper was in fuch a 
fituation, that it muft of neceflity refle& the rays, which 
before their arrival at the point. N would have given a blue 
colour, thofe rays in this very point itfelf by abounding in 
the reflected light tinged it with the fame colour; fo when the: 
paper refleéts moft copioufly the rays, which before they: 
come to the point N exhibit rednefs, thofe fame rays tin- 


a Ibid. exp. 1o.. 
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Gure the light refleéted by the paper from that very point. 


with their own proper colour. 


21. THERE isa certain condition relating to fight, whiclr 
affords an *opportunity of examining this ftill more fully: 
it is this, that the impreffions of light remain fome fhort 
faa upon the eye; as when a burning coal is whirl'd about 
in a circle, if the motion be very quick, the eye fhall not 
be able to diftinguifh the coal, but fhall {ee an entire circle 
of fire. The feafon of which appearance is, that the im- 
preflion made py’the coal upon the eye in any one fituation. 
- is not worn out) before the coal returns again to the fame 
place, and renews, the fenfation, This gives our author the: 
hint to try, whether thefe colours might not be tran{mitted: 
4ugceflively to the eye fo quick, that no one of the colours. 
fhould be diftin@ly perceived, but the mixture of the fen- 
fations fhould produce a uniform whitenefs; when the rays. 
could not a& upon each other, becaufe they never fhould 
meet, but come to the eye one after another. And this thought: 
he executed by the following expedient *. He made an in- 
ftrument in fhape like a comb, which he applied near the 
convex glafs, fo that by moving it up and down flowly. 
the teeth of it might intercept fometimes one and fometimes. 
another colour; and accordingly the light reflected from the 
paper, placed at N, fhould change colour continually. But: 
now when the comb-like inftrament was moved very quick,, 
the eye loft all preception of the diftiné colours, which came. 
ta it from time to time, a perfect whitenefs refulting from the. 


*-Opt. pag: 122. . 
mixture: 
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mixture of all thofe diftin& impreffions in the fenforium, 
Now in this cafe there can be no fufpicion of the feveral 
coloured rays acting upon one another, and making any 
change in each ther’s manner of affecting the eye, feeing 
they do not fo much as meet together there. 


22. Our author farther teaches us how to view the fra. 
trum of colours produced in the firft experiment with a- 
nother prifm, fo that it fhall appear to the ¢ye under the 
fhape of a round fpot and perfectly white 4 And in this 
cafe if the comb be ufed to intercept alterrfately fome of 
the colours, which compofe the fpectrum, the round fpot 
fhall change its colour according to the colours intercepted ; 
but if the comb be moved too fwiftly for thofe changes to 
be diftin@lly perceived, the fpot fhall feem always whit::,.o 
before °°. 


23. Besipes this whitenefs, which refults from an uni- 
verfal compofition of all forts of colours, our author par- 
ticularly explains the effects of other lefs compounded mix- 
tures; fome of which compound other colours like fome 
of the fimple ones, but others produce colours different from 
any of them. For inftance, a mixture of red and yellow 
compound a ‘colour like in appearance to the orange, which 
in the fpectrum lies between them; as a compofition of yel- 
low and blue is made ufe of in all dyes to make a green, 
But red and violet purple compounded make purples un- 
like to any of the prifmatic colours, and thefe joined with 


* Opt. B. I. part 2. exp, 1.. » Ibid prop. 4, 6, 
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yellow or blue make yet new colours. Befides one rule is here 
to be obferved, that when many diffesent colours are mixed, the 
colour which arifes from the mixture grows languttand dege- 
‘nerates into whitenefs. So when yellow green and blue 
are mixed’together, the compound will be green; but if 
to thisyou add red and purple, the colour fhall firft grow, dull 
atychlefs vivid, and at length by adding more of thefe colburs 


it fhall turn ‘to whitenefs, or fome other colour *. 


24. On y,here is one thing remarkable of thofe com- 
pounded colours, which are like in appearance to the fimple 
ones; that the {imple ones when viewed through a prifm fhal} 
flill retain their colour, but the compounded colours feen 
through fuch a glais fhall be parted into the fimple ones of 

which they are the aggregate. And for this reafon any body 

illuminated by the fimple light fhall appear through a prifm 
diftin@ly, and have its minuteft parts obfervable, as may ea~ 
fily be tried with flies, or other fuch little bodies, which have 
very finall parts; but the fame viewed in this manner when 
enlighten’d with compounded colours fhall appear confufed, 
their fmalleft parts not being diftinguifhable. How the 
prifm feparates thefe compounded colours, as likewife how 
it divides the light of the fun into its colours, has not yet 
been explained, but is referved for our third chapter. 


25. In the mean time what has been faid, I hope, will 
fuffice to give a tafte of our author's way of arguing, and 
* Opt. pag. $b. 
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in fome meafure to illuftrate the propofition laid down in 


this chapter. 


26. Tuere are methods of feparating the heterogene- 
cous rays of the fun’s light by refiection, which perfectly 
confpire with and confirm this reafoning. One of which 
ways may be this.’ Let AB (in fig. 129) reprefent thyayin- 
dow fhutter of a darkened room; Ca hole to let in the fun’s 
rays; DEF, GHI two prifms fo applied together, that the 
fides EF and GI be contiguous, and the fides DF, GH 
parallel; by this means the light will pafs through them with- 
out any feparation into colours: but if it be afterwards re- 
ceived by a third prifm IKL, it fhall be divided fo as to 
form upon any white body PQ the ufual colours, violet 
at m, blue at #, green at 0, yellowatr, and red atg, But 
becaufe it never happens that the two adjacent furfaces EF 
and GI perfectly touch, part only of the light incident up- 
on the furface EF fhall be tranfmitted, and part fhall be 
reflected. Let now the reflected part be received by a fourth 
prifm 494A, and pafling through it paint upon a white body 
ZY the colours of the prifm, red at 7, yellow at u, green 
at w, blue at ¥, violet at y. if the prifms DEF, GHI 
be flowly turned about while they remain contiguous, the 
colours upon the body PQ fhall not fenfibly change their 
fituation, till fuch time as the rays become pretty oblique 
to the furface EF; but then the light incident upon the 
furface EF fhall begin to be wholly refle@ed. And firft 
of all the violet light fhall be wholly reflected, and there- 
upon will difappear at mm, appearing inftead thereof 


at 
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at y,° and ‘increafing the violet light falling, there , the 
other colours remaining as before. * If the prifnlg DBF, GHI 
be turned a little farther about, that the incident rays be- 
come yet more inclined to the furface EF, the blue fhall 
be totally ‘reflected, and fhall difappear in 7, but appear at 
x by making the colour there more intenfe. And the fame 

may be continued, till all the colours are fucceflively remov- 
ed from the furface PQ to zr. But in any cafe, fuppofe 

when the violet and the blue have forfaken the furface PQ, and 

appear upon the furface zr, the green, yellow, and red only 

remaining upon the furface PQ; if the light be received upon 

a paper held any where in its whole paflage between the 

light’s coming out of the prifms DEF, GIH and its inci- 

dence upon the prifm IKL, it fhall appear of the colour 

- compounded of all the colours feen upon PQ; and the re. 
flected ray, received upon a piece of white paper held any 

where between the prifms DEF and A@ &, fhall exhibit theco- 

Jour compounded of thofe the furface PQ is deprived of mixed 

with the fun’s light: whereas before any of the light was reflea- 

ed from the furface EF, the rays between the prifms G HI and 

1KL would appear white ; as will likewife the refleéted ray 

both before and after the total reflection, provided the differ- 

ence of refraction by the furfaces D Fand DE be inconfiderable. 

{ call here the fun’s light white, as I have all along done; but it 

is more exact to afcribe to it fomething of a yellowith tin@ure, 

occafioned by the brighter colours abounding in it; which 

caution is neceffary in examining the colours of the reflect- 

ed beam, when all the violet and blue are in it: for this 

X x yellowifh 
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yellowifh tura of the fun’s light caufes the blue not to be 
quite fowili ein it, as it fhould be, were the light perfect- 
ly white ; “but makes the beam of light incline rather to- 
wards a pale white. 


Cuap. Hf. 


Of the properties of BODIES, upon which 
ther COLOURS depend, 


F TER having fhewn in the laft chapter, that the 

difference between the colours of bodies viewed in o- 
pen day-light is only this, that fome bodies are difpofed to 
reflect rays of one colour in the greateft plenty, and other 
bodies rays of fome other colour; order now requires=us 
to examine more particularly into the property of badies, 
which gives them this difference. But this our author fhews 
to be nothing more, than the different magnitude of the 
particles, which compofe each body: this I queftion not 
will appear no {mall paradox. And indeed this whole chap- 
er will contain fcarce any affertions, but what will be al- 
moft incredible, though the arguments for them are fo ftrong 
and convincing, that they force our affent. In the former 
chapter have been explained. properties of light, not in. the 
leaft thought of before our author’s difcovery of them; yet 
are they net difficult to admit, as foon as experiments are 
known to give proof of their reality; but fome of the pro 
pofitions to be ftated here will, I fear, be accounted. almo 
paft belief; notwithftanding, that the arguments, by which: 


they 
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they are eftablifhed are unanfwerable. For ig is proved by 
our author, that bodies are rendered tranfparent Hy thy minute- 
nefs of their pores, and become opake by having them large; 
and more, that the moft tranfparent body by being reduc- 
ed to a preat thinnefs will become lefs pervious ta the light. 


2. Buy whereas it had been the received opinion, and 
yet remains fo among all who have not ftudied this philo- 
fophy, that light is reflected from bodies by its impinging 
againft their folid parts, rebounding from them, as a tennis 
ball or other elaftic fubftance would do, when ftruck a-_ 
gainft any hard and refifting furface; it will be proper to 
begin with declaring our author's fentiment concerning this, 
who fhews by many arguments that reflection cannot be 
caufed by any fuch means*: fome few of his proofs I fhall 
fet down, referring the reader to our author himfelf for 
the reft. 


3. Ir is well known, that when light falls upon any 
tranfparent body, glafs for inftance, part of it is refleéted and 
part tranfmitted ; for which it is ready to account, by fay- 
ing that part of the light enters the pores of the glafs, and 
part impinges upon its folid parts. But when the tranfmit- 
ted light arrives at the farther furface of the glafs, in paf- 
fing out of glafs into air there is as {trong a reflection caufed, 
or rather fomething ftronger. Now it is not to be conceiv- 
ed, how the light fhould find as many folid parts in the 
air to ftrike againft as in the glafs, or even a greater num- 


® Opt. Book IT. prop. 8. 
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ber of th And to augment the difhculty, if water 
be slacd hind the glafs, the reflection becomes much 
weaker. Can we therefore fay, that water has fewer folid 
parts for the light to ftrike againit, than the air? And if 
we fhould, what reafon can be given for the reflection’s be- 
ing ftronger, when -the air by the air-pump is removed 
from behind the glafs, than when the air receives the rays 
of light. Befides the light may be fo inclined to the hin- 
der furface of the glafs, that it fhall wholly be reflected, 
which happens when the angle which the ray makes with 
the furface does not exceed about 49+ degrees; but if the 
inclination be a very little increafed, great part of the light 
will be tranfmitted ; and how the light in one cafe fhould 
meet with nothing but the folid parts of the air, and by 
fo fmall a change of its inclination find pores in ‘great Plenty, 
is wholly inconceivable. It cannot be faid, that the light 
is reflected by ftriking againft the folid parts of the furface 
of the glafs; becaufe without making any change in that 
furface, only by placing water contiguous to it inftead of 
air, great part of that light fhall be tranfmitted, which could. 
find no paffage through the air. Moreover in the laft ex- 
periment recited in the preceding chapter, when by turn- 
ing the prifms DEF, GHI, the blue light became wholly 
reflected, while the reft was moftly tranfmitted, no poffible 
reafon can be afligned, why the blue-making rays fhould 
meet with nothing but the folid parts of the air between 
the. prifms, and the reft of the light in the very fame obli- 
quity find pores in abundance. Nay farther, when two glaff- 
es touch each other, no reflection at all is made; though 


it 


Cusr.2, PHILOSOPHY. 343 


it does not in the leaft appear, how the rays ghould avoid 
the folid parts of glafs, when contiguous to i ae any 
more than when contiguous to air. But in the laft place 
upon this fuppofition it is not to be comprehended, how 
the moft ‘polifhed fubftances could refleé the light in that 
gegular manner we find they do; for when a polithed look- 
ing glafs i*covered over with quick filver, we cannot fuppofe 
the particles of light fo much larger than thofe of the quick- 
filver, that they fhould not be fcattered as much in refle@tion, 
as a parcel of marbles thrown down upon a rugged pavement. 
The only caufe of fo uniform and regular a refleQion muft be 
fome more fecret caufe, uniformly fpread over the whole fur- 


face of the glafs. 


4. Burt now, fince the reflection of light from bodies 
does not depend upon its impinging againft their folid parts, 
fome other reafon muft be fought for. And firft it is 
paft doubt that the leaft parts of almoft all bodies are tranfpa- 
rent, even the microfcope fhewing as much *; befides that 
it may be experienced by this method. Take any thin plate 
of the opakeft body, and apply it to a fmall hole defigned 
for the admiffion of light into a darkened room; however 
opake that body may feem in open day-light, it fhall un- 
der thefe circumftances fufficiently difcover its tran{parency, 
provided only the body be very thin. White metals indeed 
do not eafily fhew themfelves tranfparent in the(c trials, they 
reflecting almoft all the light incident upon them at their 
firft fuperficies ; the caufe of which will appear in what 


2 Opt. Book IF. par. 3. prop. 2, 
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follows*, Rut yet thefe fubftances, when reduced into parts 
of cng minuterefs by being diffolved in aqua fortis 
or the l&~corroding liquors do alfo become tranfparent. 
s. Since therefore the light finds free paflage through 
the leaft parts of bodies, let us confider the largenefs of 
their pores, and we fhall find, that whenever a yay of light 
has paffed through any particle of a body, and is come 
to its farther furface, if it finds there another particle con- 
tiguous, it will without interruption pafs into that particle; 
juft as light will pafs through one piece of glafs into ano- 
ther piece in contact with it without any impediment, or 
any part being reflected: but as the light in paffing out of 
glafs, or any other tranfparent body, fhall part of it be re- 
fleted back, if it entcr into air or other tranfparent body 
of a different denfity from that it paffes out of ; the fame 
thing will happen in the light’s paflage through any parti- 
cle of a body, whenever at its exit out of that particle it 
meets no other particle contiguous, but muft enter into a 
pore, for in this cafe it fhall not all pafs through, but part 
of it be refle&ted back. Thus will the light, every time it 
enters a pore, be in part reflected; fo that nothing more 
icems neceflary to opacity, than that the particles, which com- 
pofe any body, touch but in very few places, and that the 
pores of it are numerous and large, fo that the light may 
in part be reflected from it, and the other part, which en- 
ters too deep to be rcturned out of the body, by numerous 
reflections may be ftifled and loft ®; which in all probabi- 
*§ 17. © Opt. Book II. par. 3. prop. 4. 
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lity happens, as often as it impinges againft thé folid part. 
of the body, all the light which does fo not bking sefleét- 
ed back, but ftopt, and deprived of any farther motion *, 


6. Turs notion of opacity is greatly confirmed by the. 
obfervation, that opake bodies become tranfparent by fill- 
itty up the pores with any fubftance of near the fame den- 
fity with their parts. As when paper is wet with water or 
oyl; when linnen cloth is either dipt in water, oyled, or 
varnifhed ; or the oculus mundi ftone ftecped in water >. 
All which experiments confirm both the firft affertion, that. 
light is not reflected by ftriking upon the folid parts of 
hodies ; and alfo the fecond, that its paflage is obftruéed 
by the reflections it undergoes in the pores; fince we find. 
it in thefe trials to pafs in greater abundance through bo- 
dies, when the number of their folid parts is increafed, on- 
ly by taking away in great meafure thofe reflections ;_ which. 
filling the pores with a fubftance of near the fame denfi- 
ty with the parts of the body will do.  Befides as filling, 
the pores of a dark body makes it tranfparent; fo on the 
other hand evacuating the pores of a body tranfparent, or. 
feparating the parts of fuch a body, renders it opake. As. 
falts or wet paper by being dried, glafs by being reduced to. 
powder or the furface made rough; and it is well known that. 
glafs veffels difcover cracks in them by their opacity. Juft 
fo water itfelf becomes impervious to the light by being 
formed into many {mall bubbles, whether in froth, or by 
being mixed’ and agitated with any quantity of a liquor. 

» Opt. Book. I. pag. 247. Ibid. pag. 224. 
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with which \¢ will not incorporate, fuch as‘oy! of turpentine, 
or dyl olive, 


“A cerTAIN electrical experiment made by Mr. Hauxs- 
BEE may not perhaps be ufelefs to clear up the piefent fpe- 
culation, by fhewing that fomething more is neceffary be- 
fides mere porofity for tran{mitting freely other fine fub- 
flances. ‘The experiment is this; that a glafs cane rubbed 
till it put forth its ele&ric quality would agitate leaf brafs 
inclofed under a glafs veffel, though not at fo great a dift- 
ance, as if no body had intervened ; yet the fame cane 
would lofe all its influence on the leaf brafs by the inter- 
pofition of a piece of the fineft muflin, whofe pores are 
immenfely larger and more patent than thofe of glafs. 


8. Tuus I have endeavoured to {mooth my way, as much 
as I could, to the unfolding yet greater fecrets in nature ; 
for I fhall now proceed to fhew the reafon why bodies ap- 
pear of different colours. My reader no doubt will be 
fufficiently furprized, when I inform him that the knowledge 
of this is deduced from that ludicrous experiment, with 
which children divert themfelves in blowing bubbles of water 
made tenacious by the folution of foap. And that thefe 
bubbles, as they gradually grow thinner and thinner till 
they break, change fucceffively their colours from the fame 
principle, as all natural bodies preferve theirs. 


9. Our author after preparing water with foap, fo as to 
render it very tenacious, blew it up into a bubble, and plac- 


3 ing 
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ing it under a glafs, that it might not be reply agitated 
by the air, obferved as the water by fubfiding chapged the 
thicknefs of the bubble, making it gradually lefs and lef till 
the bubble broke; there fucceflively appeared colours at the 
top of the bubble, which {pread themfelves into rings furround- 
ing the top and defcending more and more, till they vaniifhed 
at’ the bottom in the fame order in which they appeared *. 
The colours emerged in this order: firft red, then blue; to which 
fucceeded red a fecond time, and blue immediately follow- 
ed; after that red a third time, fucceeded by blue; to which 
followed a fourth red, but fucceeded by green; after this a 
more numerous order of colours, firft red, then yellow, 
next green, and after that blue, and at laft purple; then 
again red, yellow, green, blue, violet followed each other 
in orders and in the laft place red, yellow, white, blue ; 
to which fucceeded a dark fpot, which reflected f{carce any 
light, though our author found it did make fome very ob- 
fcure reflection, for the image of the fun ora candle might 
be faintly difcerned upon it; and this laft {pot fpread itfelf 
more and more, till the bubble at laft broke. Thefe co- 
lours were not fimple and uncompounded colours, like thofe 
which are exhibited by the prifm, when due care is taken 
to feparate them ; but were made by a various mixture of 
thofe fimple colours, as will be fhewn in the next chapter: 
whence thefe colours, to which I have given the name of 
blue, green, or red, were not all alike, but differed as fol- 
lows. The blue, which appeared next the dark {pot, was a 
pure colour, but very faint, refembling the sky-colour ; the 
« Ibid. OL 17. &e. 
y white 
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white next Ito it a very-ftrong and intenfe white, bright- 
er much than the white, which the bubble reflected, before 
any of the colours appeared. The yellow which preced- 
ed this was at firft pretty good, but foon grew dilute; and 
the red which went before the yellow at firft gave a tin- 
Gture of fcarlet inclining to violet, but foon changed into 
a brighter colour; the violet of the next feries was deep 
with little or no rednefs in it; the bluea brisk colour, but 
came much fhort of the blue in the next order; the green 
was but dilute and pale; the yellow and red were very 
bright and full, the beft of all the yellows which appeared 
among any of the colours: in the preceding orders the pur- 
ple was reddifh, but the blue, as was juft now faid, the bright- 
eft of all; the green pretty lively better than in the order 
which appeared before it, though that was a good willow 
green ; the yellow but {mall in quantity, though bright; the 
red of this order not very pure: thofe which appeared be- 
fore yet more obfcure, being very dilute and dirty; as were 


likewife the three firft blues, 


10. Now it is evident, that thefe colours arofe at the 
top of the bubble, as it grew by degrees thinner and thin- 
ner: but what the exprefs thicknefs of the bubble was, where 
each of thefe colours appeared upon it, could not be de- 
termined by thefe experiments; but was found by another 
means, viz. by taking the obje& glafs of a long telefcope, 
which is in a {mall degree convex, and placing it upon a. 
flat glafs, foas to touch it in one point, and then water be~ 
ing put between them, the fame colours appeared as in the. 


bubble,. 
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bubble, in the form of circles or rings furrdunding the 
point where the glaffes touched, which appeared. black for 
want of any reflection from it, like the top of the bubble 
when thinneft*: next to this fpot lay a blue circle, and 
next without that a white one; and fo on in the fame or- 
der as before, reckoning from the dark fpot. And hencefor- 
ward I fhdll fpeak of each colour, as being of the firft, fe- 
cond, or any following order, as it is the firft, fecond, or a- 
ny following one, counting from the black fpot in the cen- 
ter of thefe rings; which is contrary to the order in which 
I muft have mentioned them, if I fhould have reputed 
them the firft, fecond, or third, &c. in order, as they arife 
after one another upon the top of the bubble. 


11.°But*now by meafuring the diameters of each of thefe 
rings, and knowing the convexity of the telefcope glafs, the 
thicknefs of the water at each of thofe rings may be determi- 
ned with great exactnefs: for inftance the thicknefs of it, 
where the white light of the firft order is refle@ted, is a- 
bout 3 4 fuch parts, of which an inch contains 1000000" 
And this meafure gives the thicknefs of the bubble, where 
it appeared of this white colour, as well as of the water 
between the glafles; though the tranfparent body which 
furrounds the water in thefe two cafes be very different : 
for our author found, that the condition of the ambient 
body would not alter the fpecies of the colour at all, though 
it might its ftrength and brightnefs; for pieces of Mufcovy 
glafs, which were fo thin as to appear coloured by being 


a Ibid. Obf 10. = Ibid. pag. 206. 
Yy.2 wet 
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wet with Yater, would have their colours fadéd and made 
Jefs bright thereby ; but he could not obferve their fpecies 
at all to be changed. So that the thicknefs of any tranf- 
parent body determines its colour, whatever body the light 
paffes through in coming to it *, 


12. Bur it was found that different tranfparent bodies 
would not under the fame thickneffes exhibit the fame co- 
lours: for if the forementioned glaffes were laid upon each 
other without any water between their furfaces, the air it- 
felf would afford the fame colours as the water, but more. 
expanded, infomuch that each ring had a larger diameter, 
and all in the fame proportion. So that the thicknefs of the 
air proper to each colour was in the fame proportion larger, 
than the thicknefs of the water appropriated to the. fame °. 


13. Ir we examine with careall the circumftances of thefe 
colours, which will be enumerated in the next chap- 
ter, we fhall not be furprized, that our author takes them to 
bear a great analogy to the colours of natural bodies For 
the regularity of thofe various and f{trangeappearances relating 
to them, which makes the moft myfterious part of the aéti-- 
on between light and bodies, as the next chapter will thew, 
is fuflicient to convince us that the principle, from which 
they flow, is of the “ greateft importance in the frame of 
nature ; and therefore without queftion is defigned for no 
lefs a purpofe than to give bodies their various colours, to 
which end it feems very fitly fuited. For ifany fuch tranf- 

a Obfer. 21. > Obferv, 5. compared with Obferv. 1o, © Ibid. prop. 5. 
parent 
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any one colour fhould be cut into flender threads, 
or broken into fragments, it does not appear but 
thefe fhould retain the fame colour; and a heap of fuch 
fragments fhould frame a body of that colour. So that this 
is without difpute the caufe why bodies are of this or the 
other colqur, that the particles of which they are compo- 
fed are of different fizes. Which is farther confirmed by 
the analogy between the colours of thin plates, and the co- 
lours of many bodies. For example, thefe plates do not 
look of the fame colour when viewed obliquely, as when 
feen dire&t ; for if the rings and colours between a convex 
and plane glafs are viewed farft in a dire& manner, and then at 
different degrees of obliquity, the rings will be obferved to di- 
late themfelves more and more as the obliquity is increafed *; 
which fhews that the tranfparent fubftance between the glaffes 
does not exhibit the fame colour at the fame thicknefs in all 
fituations of the eye: juft fo the colours in the very fame 
part of a peacock’s tail change, as the tail changes pofture 
in refpect of the fight. Alfo the colours of filks, cloths, 
and other fubftances, which water or oyl can intimately 
penetrate, become faint and dull by the bodies being wet. 
with fuch fluids, and recover their brightnefs again when 
dry; juftas it was before faid that plates of Mufcovy glaf 
grew faint and dim by wetting. To this may be added, that 
the colours which painters ufe will be a little changed by being 
ground very elaborately, without queftion by the diminution. 
of their parts. All which particulars, and many more that 


*-Obfery. 7. = 
might. 
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might be extfaéted from ourauthor, give abundant proof of the 
prefent point. I fhall onfy fubjoin one more: thefe tranfpa- 
rent plates tranfmit through them all the light they do not re- 
flect; fo that when looked through they exhibit thofe colours, 
which refult from the depriving white light of the colour re- 
flected. This may commodioufly be tryed by the glaffes fo 
often mentioned ; which if looked through exhibit coloured 
ringsas by reflected light, butin a contrary order; for the mid- 
dle fpot, which in the other view appears black for want 
of reflected light, now looks perfectly white, oppofite to 
the blue circle; next without this fpot the light appears 
tinged with a yellowifh red; where the white circle ap- 
peared before, it now feems dark; and fo of the reft* 
Now in the fame manner, the light tranfmitted through fo- 
liated gold into a darkened room appears greenifh by the 


lofs of the yellow light, which gold refleds. 


14. Hence it follows, that the colours of bodies 
give avery probable ground for making conjecture concerning 
the magnitude of their conftituent particles®, My reafon for 
calling it a conjecture is, its being difficult to fix certainly the 
order of any colour. The green of vegetables our au- 
thor judges to be of the third order, partly betaufe of the in- 
tenfenefs of their colour; and partly from the changes they 
fuffer when they wither, turning at firft into a greenifh or 
more perfect yellow, and afterwards fome of them to an o- 
range or red; which changes feem to be effected from their 
tinging particles growing denfer by the exhalation of their 

* Obfery. 9. % Tbid prop. 7. 
- noifture 
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moifture, and perhaps augmented likewife by the accretion 
of the earthy and oily parts of that’ moifture. How the men- 
tioned colours fhould arife from increafing the bulk of thofe 
particles, is evident ; feeing thofe colours lie without the ring of 
green between the giaffes, and are therefore formed where 
the tranfparent fubftance which refle&s them is thicker. 
And that the augmentation of the denfity of the colorific 
particles will confpire to the produétion of the fame effedt,. 
will be evident; if we remember what was faid of the dif- 
ferent fize of the rings, when air was included between the 
glaffes, from their fize when water was between them ; 
which fhewed that a fubftance of a greater denfity than 
another gives the fame colour at a lefs thicknefs. Now 
the changes likely to be wrought in the denfity or magni- 
tude’ of the parts of vegetables by withering feem not 
greater, thanare fufficient to change their colour into thofe of 
the fame order; but the yellow and red of the fourth order. 
are not full enough to agree with thofe, into which thefe fub- 
ftances change, nor is the green of the fecond fufficiently 
good to be the colour of vegetables; fo that their colour 
muft of neceflity be of the third order. 


ty. Fare blue colour of fyrup of violets our author. 
fuppofes to be of the third order; for acids, as vinegar, with 
this fyrup change it red, and falt of tartar or other alca- 
lies mixed therewith turn it green. But if the blue colour 
of the fyrup were of the fecand order, the red colour, 
which acids by attenuating its parts give it, muft be of the 
firft order, and the green given it by alcalies by incraflating 
its - 
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‘its particles } Yhould be of the fecond ; whereas neither of thole 
colours is perfect enough, efpecially the green, to anfwer 
thofe produced by thefe changes; but the red may well e- 
nough be allowed to be of the fecond order, and the green 
of the third; in which cafe the blue muft be likxewife of 
the third order. 


16. Tue azure colour of the skies our author takes to 
be of the firft order, which requires the {malleft particles 
of any colour, and therefore moft like to be exhibited by 
vapours, before they have fufficiently coalefced to produce 


clouds of other colours, 


17. Tue moft intenfe and luminous white is of the 
firft order, if lefs ftrong it is a mixture of the colours of 
all the orders. Of the latter fort he takes the colour of lin- 
nen, paper, and fuch like fubftances to be; but white me- 
tals to be of the former fort. ‘The arguments for it are 
thefe. The opacity of all bodies has been fhewn to arife 
from the number and ftrength of the reflections made with- 
in them; but all experiments fhew, that the ftrongeft re- 
fle€tion is made at thofe furfaces, which intercede tranfpa- 
rent bodies differing moft in denfity. Among other in- 
ftances of this, the experiments before us afford one ; for 
when air only is included between the glaffes, the coloured 
rings are not only more dilated, as has before been faid, 
than when water is between them; but are likewife much 
more Juminous and bright. It follows therefore, that what- 
«ver medium pervades the pores of bodies, if fo be there 

is 
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is any, thofe fubftances muft be moft opake, the denfity of 
whofe parts differs moft from the denfity of the medium, 
which fills their pores. But it has been fufficiently proved in 
the former part of this tract, that there is no very denfe 
medium lodging in, at leaft pervading at liberty the pores 
of bodies. And it is farther proved by the prefent expe- 
riments. "For when air is inclofed by the denfer fubftance 
of glafs, the rings dilate themfelves, as has been faid, by be- 
ing viewed obliquely; this they do fo very much, that at 
different obliquities the fame thicknefs of air will exhibit all 
forts of colours. The bubble of water, though furrounded 
with the thinner fubftance of air, does likewife change its 
colour by being viewed obliquely; but not any thing near 
fo much, as inthe othercafe; for in that the fame colour 
might”be féen, when the rings were viewed moft obliquely, 
at more than twelve times the thicknefs it appeared at un- 
der a dire&t view; whereas in this other cafe the thicknefs 
was never found confiderably above half as much again. 
Now the colours of bodies not depending only on the light, 
that is incident upon them perpendicularly, but likewife 
upon that, which falls on them in all degrees of obliquity; 
if the medium furrounding their particles were denfer than 
thofe particles, all forts of colours mutt of neceflity be reflected 
from them fo copioufly, as would make the colours of all bodies 
white, or grey, or at beft very dilute and imperfect. But onthe 
other hand, if the medium in the pores of bodies be much rarer 
than their particles, the colour reflected will be fo little 
changed by the obliquity of the rays, that the colour pro- 
duced by the rays, which fall near the perpendicular, may 
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fo much abound in the refleéed light, as to give the body 
their colour with little alldy. To this may be added, that 
when the difference of the contiguous tranfparent fubftances 
is the fame, a colour refle@&ed from the denfer fubftance 
reduced into a thin plate and furrounded by the rarer will 
be more brisk, than the fame colour will be, when reflected 
from a thin plate formed of the rarer fubftance, * and, fur- 
rounded by the denfer; as our author experienced by 
blowing glafs very thin at a lamp furnace, which exhibited. 
in the open air more vivid colours, than the air does be- 
tween two glaffes. From thefe confiderations it is manifeft, 
that if all other circumftances are alike, the denfeft bodies 
will be moft opake. But it was obferved before, that thefe 
white metals can hardly be made fo thin, except by being 
diffolved in corroding liquors, as to be rendred tranfparent ;, 
though none of them are fo denfe as gold, which proves 
their great opacity to have fome other caufe befides their 
denfity; and none is more fit to produce this, than fuch a 
fize of their particles, as qualifies them to reflect the white 
of the firft order. 


18. For producing black the particles ought to be 
{maller than for exhibiting any of the colours, viz. of a 
fize anfwering to the thicknefs of the bubble, where by re- 
fleting little or no light it appears colourlefs ; but. 
yet they muft not be too fmall, for that will make them 
tranfparent through deficiency of reflections in the inward 
parts of the body, fufficient to ftop the light from going. 
through it; but they muft be of a fize bordering upon that 

difp ofed. 
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difpofed to refleé& the faint blue of the firft order, which 
affords an evident reafon why blacks ufually partake a little 
of that colour. We fee too, why bodies diffolved by fire 
or putrefaction turn black: and why in grinding glaffes up- 
Yan, copper plates the duft of the glafs, copper, and fand 
it is ground with, become very black : .and in the laft place 
Wwhy\thefe black fubftances communicate fo eafily to others: 
their hue; which is, that their particles by reafon of the 
great minutenefs of them eafily overfptead the groffer par- 
ticles of others. 


19. I sHauy now finifh this chapter with one remark 
of the exceeding great porofity in bodies neceflarily requi- 
red in all that has here been faid; which, when duly confidered, 
muft appear, very furprizing; but perhaps it will be matter 
of greater furprize, when I affirm that the fagacity of our 
author has difcovered a method, by which bodies may eafily 
become fo; nay how any the leaft portion of mattcr may 
be ‘wrought into a body of any affigned dimenfions how 
great fo ever, and yet the poresot that body none of 
them greater, than any the fmalleft magnitude propoted at 
pleafure; notwithftanding which the parts of the body thaii 
fo touch, that the body itfelf fhall be hard and folid*, The 
manner is this: fuppofe the body be compounded of particles of 
fuch figures, that when laid together the pores found be~. 
tween them may be equal in bignefs to the particles; how, 
this may be effected, and yet the body be hard and folid, 
is not difficult to underftand; and the pores of fuch a bo-+ 


» Opt. pag. 243. 
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dy may be made of any propofed degree of {mallnefs, But 
the folid matter of a body fo framed will take up only half 
the {pace occupied by the body; and if each conftituent 
particle be compofed of other lefs particles according to: 
the fame rule, the folid parts of fuch a body wili be bug a 
fourth part of its bulk ; if every one of thefe leffer parti- 
cles again be compounded in the fome manner; theyfolid: 
parts of the whole body fhall be but one eighth of its bulk; 
and thus by continuing the compofition the folid patts of 
the body may be made to bear as {mall a proportion to the 
whole magnitude of the body, as fhall be defired, notwieh- 
{tanding the body will be by the contiguity of its parts ca- 
pable of being in any degree hard. Which fhews that this 
whole globe of earth, nay all, the known bodies in the u- 
niverfe together, as far as we know, may be compounded. 
ef no greater a portion of folid matter, than might be re- 
duced into a globe of one inch only in diameter, or even: 
lef. We {ee therefore’ how by this means bodies may ea- 
fily be made rare enough to tranfmit light, with all that 
freedom pellucid bodies are found to do. Though what. 
is the real ftructure of bodies we yet know not. 


CHAP. Ill. 
Of the REFRAcTIoN, REFLECTION, 


and INFLECTION of Licut. 


HUS much of the colours of natural bodies ; our 
_ method now leads us to {peculations yet greater, no 
| lefs 
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lefs than to lay open the caufes of all that has hitherto been. 
related. For it muft in this chapter be explainéd, how the 
prifm feparates the colours of the fun’s light, as we found 
in the firft chapter ; and why the thin tranfparent plates. 
‘Gicourfed*of in the laft chapter, and confequently the par- 
ticles of coloured bodies, refle@ that diverfity of colours. 
-énly Qy being of different thickneffes. ° 


F or the firft it is proved by our author, that the colours 
fun’s light are manifefted by the prifm, from the rays. 
going different degrees of refraction ; that the violet- 
waking rays, which go to the upper part of the coloured 
image in the firft experiment of the farft chapter, are the 
moft refracted ; that the indigo-making rays are refracted, 
er turned out of their courfe by paffing through the prifm, 
fomething Jefs than the violet-making rays, but more than 
the blue-making rays’; and the blue-making rays more than: 
the green; the green-making rays more than the yellow; 
the yellow more than the crange,; and the orange-making 
rays more than the red-making, which are leaft of all re- 
fracted. The firft proof of this, that rays of different co- 
lours are refraéted unequally is this. If you take any body, 
and paint one half of it red and the other half blue, then: 
upon viewing it through a prifm thofe two parts fhall ap- 
pear feparated from each other; which can be caufed no 
otherwife than by the prifm’s refracting the light of one 
half more than the light of the other half. But the blue 
half will be moft refraéted ; for if the body be feen through: 


the prifm in fuch a fituation, that the body fhall appear 
lifted. 
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lifted upwards by the refra@ion, as a body within a bafon 
of water, m the experiment mentioned in the firft chapter, 
appeared to be lifted up by the refraction of the water, fo 
as to be feen at a greater diftance than when the bafon is 
empty, then fhall the blue part appear higher than the red; 

but if the refraction of the prifm be the contrary way % “the 
blue part fhall be depreffed more than the other. Aaix, 

after laying fine anne of black filk acrofs each of che co- 
lours, and the well inlightened, if the rays, com- 
ing from it be ive! upon a convex glafs, fo th rat it 
may by refracting the rays caft the image of the Ledy 
upon a piece of white paper held beyond the glafs ; then, 
it will be feen that the black threads upon the red part of 
the image, and thofe upon the blue part, do not at the fame 
time appear diftin@tly in the image of the body projected 
by the glafs; but if the paper be held fo, that the threads 
on the blue part may diftin@ly appear, the threads can- 
not be feen diftinét upon the red part; but the paper 
muft be drawn farther off from the convex glafs to make the 
threads on this part vifible ; and when the diftance is great e- 
nough for the threads te be feen in thisred part, they become 
indiftiné in the other. Whence it appears that the rays pro- 
ceeding from each point of the blue part of the body are 
fooner united again by the convex glafs than the rays which 
come from each point of the red parts*. But both thefe ex- 
periments prove that the blue-making rays, as well in the {mall 
refraction of the convex glafs, as in the greater refraction 
of the prifm, are more bent, than the red-making rays. 
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3. Turs feems already to explain the reafon, of the co- 
loured fpectrum made by refracting the fun’s light witha prifm; 
though our author proceeds to examine that in particular, 
and proves that the different coloured rays in that fpectrum 
are-in different degrees refracted; by fhewing how to place 
the grifm in fuch a pofture, ehat if all,the rays were re- 
fractecyin tlte fame manner, the fpeétrum fhould of neceffi- 
ty be rgund: whereas in that cafe if the angle made by 
the tyo furfaces of the prifm, througl! which the light 
I that is theangle DFE in fig, 126, be about 63 or 64, 
es, the image inftead of being round {hall be near 
e times as long as broad ; a difference enough to fhew 
a great inequality in the refraGions of the rays, which ge to 
the oppofite extremities of the image. To leave no {cruple 
unremoved, our author is very particular in fhewing by a 
great number of experiments, that this inequality of refra- 
tion is notcafual, and that it does not depend upon any ir-~ 
regularities of the glafs; no nor that the rays are in their 
paffage through the prifm each fplit and divided ; but on 
the contrary that every ray of the fun has its own peculiar 
degree of refraction proper to it, according to which it is. 
more or lefs refracted in paffing through pellucid fubftances. 
always in the fame manner*, ‘That the rays are not fplit 
and multiplied by the refraction of the prifm, the third of 
the experiments related in our firft chapter fhews very clear- 
ly; for if they were, and the length of the {pectrum in: 
the firft refraction were thereby occafioned, the breadth: 
fhould be no lefs dilated by the crofs refraction. of the fe- 


* s Opt. B. I. part. 1. prop. 2. 
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cond prifty 5 whereas the breadth is not at all increafed , 
but the image is only thrown into an oblique pofture by the 
upper part of the rays which were at firft more refracted 
than the under part, being again turned fartheft out of their 
courfe. But the experiment moft exprefsly adapted to frove 
this regular diverfity of refraGtion is this, which follows*. 
Two boards AB,CD (in fig. 130.) being erected i ina dar- 
kened room at a proper diftance, one of them AX being 
near the window-fhutter EF, a fpace only being |2ft for 
the prifm GHI to be placed between them; fo thit the 
rays entring at the hole M of the window-{hutter may uf- 
ter pafling through the prifm be trajected through a {mal- 
ler hole K made in the board AB, and paffing on from thence 
go out at another hole L made in the board C D of 
the fame fize as the hole K, and {mall enough to’ tranfmit 
the rays of one colour only at a time; let another prifm 
NOP be placed after the board CD to receive the rays paf- 
fing through the holes K and L, and after refraction by that 
prifm let thofe rays fall upon the white furfaceQR. Sup- 
pofe firft the violet light to pafs through the holes, and to 
be refracted by the prifm NOP to 5, which if the prifm 
NOP were removed fhould have paffed right onto W. Ifthe 
prim GHI be turned flowly about, while the boards and 
priim NOP remain fixed, ina little time another colour 
will fall upon the hole L, which, if the prifm NOP were 
taken away, would proceed like the former rays to the fame 
point W; but the refraction of the prifm NOP fhall not car- 
ry thefe rays to 5, but tofome place lefs diftant from W as 
® Opt. B. L. part 1. Expec. 6. 
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